Rastrineobola argentea common name Omena and Stolephorus delicatulus common name Kimarawali are fishes that live in the freshwater and marine waters, respectively. Both are small in size, move in schools and are landed in large numbers during their peak landing seasons. Both go by the name Dagaa or sardines. In this study, they were dried in a locally fabricated solar tunnel dryer and on a drying rack in Gazi, South coast of Kenya for 14 hrs and their drying characteristics were evaluated using drying curves. Organoleptic analysis was carried out to compare some attributes of unsalted rack dried with salted spiced solar dried Kimarawali. The final moisture content of unsalted tunnel dried Kimarawali, unsalted rack dried Kimarwali, unsalted rack dried Omena and unsalted solar dried Omena was 0.161 kg/kg dry basis (db) (13.9% wet basis: wb), 0.163 kg/kg db (14.0% wb), 0.137 kg/kg db (12.7% wb) and 0.145 kg/kg db (12.1 wb)% respectively after 14 hrs of drying. The fish in the solar dryer attained moisture levels of 15% suitable for prevention of mould growth in 8 hours. The drying rate constants for unsalted tunnel dried and rack dried Omena were 0.23 and 0.22 with coefficient of determination (R 2 ) values of 0.899 and 0.940, respectively. The corresponding drying rate constants for Kimarawali were 0.18 and 0.21 with coefficient of determination (R 2 ) values of 0.814 and 0.932 respectively. There were no significant differences in drying rate after 14 hrs of drying for the two types of fishes and drying methods. The mean drying temperature for the tunnel dryer and drying rack during the 14 hrs of drying were 40.2±9.42 and 32.1±2.71 o Celsius respectively. The corresponding relative humidity values were 53.7%±20.34 and 70.08%±2.72, respectively. There was no significant difference in the quality attributes between the tunnel and rack dried fishes. The score for overall acceptability was however higher for the spiced tunnel dried Kimarawali.
INTRODUCTION
Fish preservation in Kenya must be elastic to involve newer techniques than the traditional methods. Although fresh fish is currently preferred by consumers and is available in major urban centres and in villages in the vicinity of landing sites, cured fish whether in the form of smoked, sun-dried or salted products are heavily marketed in remote rural areas, which are far from major fisheries and distribution routes.
Freshwater sardine commonly known as Omena (Rastrineobola argentea) comprises 44% of total catch of fish from Lake Victoria on the Kenyan side. Dried form of this fish is the most widespread commodity with a relatively long shelf life, and can be sold in small portions to meet needs of the rural poor [1] . In the marine sector, another "Omena-like" sardine commonly known as Kimarawali, (Stolephorus delicatulus) is also processed by drying [2] . Traditionally, both Omena and Kimarawali are dried by laying the fish on the ground, resulting in their contamination with sand and animal waste. This lowers the quality of the dried products as well as income. Drying racks, which are raised ventilated platforms have been used occasionally in the drying of fish. The racks rely on air circulation around the product to evaporate the excess moisture, and their use reduces soiling of fish during drying. However, infestation by insects, aerial contamination and rain remain a problem during rack drying [3] .
Efforts to improve the drying of Omena in Lake Victoria by introducing racks are currently practised in Suba District [4, 5] . In the Coastal region, rack drying of fish has been introduced in Gazi [6] . A further improvement to rack drying is the use of solar dryers where drying in the enclosed chamber prevents insect infestation and rain, dries fish faster and more hygienically [7] . Value addition can be undertaken by spicing and salting the fish [8] . Spices are grown locally and have been known to enhance aroma and flavour of foods [9] . Salt is a well known flavour agent and a combination of salt and spices enhances taste [8] .
Drying of fish is generally characterized by the constant and falling rate periods. In the constant rate period, drying continues at a constant rate equal to the rate of evaporation from a free water surface. Initially drying is governed by evaporation from the surface or near surface areas [10, 11] . In the falling rate period, moisture transfer takes place largely by diffusion in the material. Since diffusion is generally slower than surface evaporation, diffusion limits the drying rate. This period is generally characterized by a slow decreasing rate of drying at least partially due to the fact that the drier the product, the further the water must diffuse to reach the surface [11, 12] .
In this study, therefore, the drying characteristics of solar tunnel and rack dried Omena and Kimarawali were evaluated. Organolaptic quality was also evaluated for salted spiced dried Kimarawali.
MATERIALS AND METHODS

Rack Dryer
The traditional rack dryer was constructed with some modifications [3] . The rack was 10 m long, 1 m wide and 1 m high and was made from mangrove poles that provided the support frame. The top was covered by a layer of nylon manila mesh size 1.2 mm. The nylon manila stretched from end to end not allowing sagging when fish was placed, owing to the inter-linked mangrove support structure below it. The mesh was chosen because it does not rust and is therefore ideal for use by the sea (Figure 1 ). 
Sample Preparation
Freshly harvested Omena were purchased in Kusa beach of Nyakach division in Kisumu District and iced upstream by specially hired fishermen. They were given two ice boxes (Coleman) of 100 litre capacity. One ice box contained crushed ice used for icing the fish upon fresh hauling from water. During icing, a thin layer of ice was laid at the bottom of the ice box followed by fish and finally an ice layer at the top. The ice boxes with fish were then sealed. The fish were transported for about 13 hours from Lake Victoria for solar drying at Gazi.
Freshly harvested Kimarawali were purchased at Jasini village in Vanga. They were iced and transported for about 2 hours by road to Gazi. A total of 50 kg of fish was preserved in each of the ice boxes.
The fish was washed in freshwater to remove dirt and drained in baskets, then transferred to the solar tunnel dryer and drying rack. About 48kg each of Omena and Kimarawali were used for the experiment. Both were divided into 3 parts of 16 kg each. One part of each fish was immersed in 2% brine solution for 10 minutes (Salted Omena or Salted Kimarawali). The second part of similar weight was placed in a solution containing 2% salt and 0.5% hot pepper (Salted Spiced Omena and Kimarawali) and treated the same way as the first sample. The third batch was only washed once more in water (Unsalted Omena and Kimarawali).
Solar Drying of Fish
The drying characteristics were determined with some modifications [13] . The average wet weight of Kimarawali and Omema was 3.5 g ±1.3. All the 3 batches were removed from the respective solutions and spread in clearly demarcated areas on wire mesh trays to remove excess water. Only a few batches were selected because of the many samples. The selected batches were Rack Unsalted Omena, Tunnel Unsalted Omena (RUO, TUO); Rack Unsalted Kimarawali, Tunnel Unsalted Kimarawali (RUK, TUK). They were placed on clearly demarcated areas in the drying rack and the tunnel dryer and labeled clearly. Salted Spiced Tunnel Dried Kimarawali (TSSK) was also selected but used for organoleptic comparisons only.
From each selected batch of fish being dried, 6 fishes were taken at random and their weight determined at the start of drying. Weight loss, drying air temperature and humidity inside the drying cabinet and ambient were measured after every 2 hours. Temperature and humidity during drying was measured using a DICKSON TH300 (USA) and weight using an electronic SALT PETER field balance (SALTPETERSK 2000-BLACK & DECKER, USA). On day 1, measurements were taken from 13.00 hr to 17.00 hr and from 08.00 hr to 16.00 hr on day 2. The fishes were left in the dryer overnight and the first reading taken at 08.00 hrs. The fish in the drying rack were kept inside overnight and returned to the rack at 06.00 hr the following day. The measurements were stopped when constant weight was observed in 3 consecutive weighings. At every weighing time, the weighed fish were removed and wrapped in aluminium foil, placed in polythene bags, labelled clearly and transported to KMFRI where they were placed in a freezer for moisture analysis. The data collected was used to plot graphs of moisture content (kg/kg wb) and moisture ratio against drying time [13] . The inlet and outlet dryer fans in the solar tunnel dryer were turned on during drying on day 1 as the weather was occasionally damp.
Moisture content was determined and expressed as dry basis moisture content using equation 1, where M is moisture content (kg/kg, db), W t is weight of wet sample and W d weight of dry sample [13, 14] .
Based on the Newton model of thin layer drying for material drying under varying relative humidity as in solar drying, the moisture ratio equation can be expressed as equation 2 where MR is the moisture ratio (dimensionless), M 0 is the initial moisture content (kg/kg, db), k is the drying rate constant (per hour) and t is the drying time (hour) [15, 16, 17] .
Sensory Evaluation
This was carried out with some modifications [18] . The semi-trained panelists were drawn from KMFRI staff. The organoleptic parameters that were evaluated included appearance, taste and texture with provision for a score on overall acceptability. A hedonic scale with scores of 1-5 (1=lowest acceptability and 5= highest acceptability) for various attributes was used. A score below 2 was considered not acceptable. The fish samples were coded with numbers of 2 digits indicating no information about the sample detail to avoid bias in preferred treatments.
Analysis of variance (ANOVA) was carried out on the data obtained using statistical program NCSS 2000 (NCSS, Utah, USA) and significance level set at 0.05 (
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